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1.0 INTRODUCTION AND OVERVIEW 

V 
Optical fibers possess strong advantages over coaxial cables 

for the transmission of high frequency data and signals, because 

of fiber's high bandwidth, low loss and weight, and its relative 

immunity to EMP effects and to interception and jamming. Space 

related applications include phased array radars, antenna 

remotinq and flight controls (fly by fiber). Semiconductor 

laser dicdcs fabricated on InP substrates and emitting at 1.3 

and 1.55 um are well suited to use as sources for optical 

fibers, because of the low loss and dispersion of fiber at those 

wavelengths. 

Figure 1 shows a simplified cross sectional view of such a 

semiconductor laser diode,. The diode/ which is monolithically 

fabricated on an InP substrate, has a light-generating core 

consisting of an active layer of InGaAsP sandwiched between 

cladding layers of p and n-doped InP on the top and bottom, 

respectively. Light is generated when the top (p-doped) InP 

cladding layer is biased positively with respect to the lower 

(n-doped) InP cladding layer, causing the motion of holes and 

electrons fron the p and n cladding layers into the InGaAsP 

active layer where they recombine, accompanied by the generation 

of light. Accesion for 
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Figure 1. 

Simplified diagram of InP/lnGaAsP laser showing injection and shunt currents, 
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The width of the active layer mist be kept below approximately 

2 urn in order to selectively excite only the fundamental 

transverse »ode, and tu« exposed sides of the p-n junction mist 

bo covered by single crystal inP or a related material. in order 

to electrically passivste the junction and to provide the 

required optical index profile for optical confinement. This 

InP or related material is known as the current blocking 

structure, and It play« • crucial role in determining the 

performance of the laser, because only electrical current which 

paaaes through the active layer of the device and recoebinee 

there can contribute to the optical output of the laser. As 

shown in Figure 1, current can also flow through the current 

blocking structure if it is not perfect, robbing the active 

layer of currant, and resulting in increased iaaer threshold 

current and reduced quantum efficiency. 

Moat conventional XnP/InCaAaP laaer diodes employ blocking 

layers consisting of alternating layers of p and n doped InP, 

where one or several pn junctions are designed to be reverse 

biased, and therefore nonconducting, when the laaer diode is 

operating. The performance of devicea using only a single 

reveraa biased pn junction is poor, and so two or more such 

reverse biaaad junctions are usually necessary. Even with 

several junctions, current leakage still occurs because current 

can flow from the p cladding, through the blocking layer located 

opposite the active layer, and re-enter the n cladding layer 
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without ever entering tne active layer, mm shown in Fig. 1. 

The leakage current through pn junction« rapidly worsens when 

the operating teeperature of the laser diode is significantly 

above roos tesperature. Host InP/InGeAsP laser diodes cannot 

operate at tesperatures near or above 100*C. This linitation 

is serious for specs and siiitary applications, sad diodes in 

such environasnts sust be therso-electncelly cooled. 

An •iternetiv« blocking structure consists of s single layer 

of s highly resistive ssterlal such as Fa doped in». Puob 

L-insuiatlng aateriela offer a auch elapler blocking 

and mrm aora easily fabricated than ravers« 

pn blocking structuraa. laoiuai tba entire layer la 

ducting» «hunt currents between tba upper end lower cladding 

layer» are reduced. The parasitic capacitance of such layers, 

which eust be si nisi ted in high spaed devices, can be vary low. 

In addition, tba teapereture sensitivity of the blocking is 

expected to be lower then for pn blocking. 

Fe doped InP blocking leyers. which ere grown by HOCVD, can 

heve resistivities (as eeesured by Van der Peuw or related 

techniques) ss high ss ?\W*n-tm J st rooa teapereture). 

Unfortunately, in an operating laser, holes are injected into 

the blocking layer froa the p-type clodding layer as are 

electrons fros the n-type cladding, resulting in an effective 

resistivity aany orders of aegnitude lower.  This so-called 
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"double injection" «ff«et bscooss «tors« at higher operating 

temperatures, because «or« electrons and boles ere tborosily 

excited ever the potential barriers coot ooporoto too cladding 

layers froo the blocking layer. A desirable blocMng eaten el 

•Mould bow« too higheet pooolblo b«ndoap in ordor to as*leite 

tbo belobt of tbooo potential barrier« and therefore einiei»« 

too offoct« of eorrlor Infection. 

An addition«! prob las «rl««« bjr»,6c r« i« « poi«on for active 

Uy«r eater lei. «nd tb«r«ror« If f« IMS boon introduced Into 

en MOCVD r—ctor to «TOO blocking atructures. tb« 

to «row Mtivt layers w 

r«t« MOCVD syste— «r« Qgoarelly «ood to «row tlb»«« '^lc«i, 

with on« dedJeeted to ectlve structures «nd on« bo blocking 

layer«. MOCVD systess with 

generally coot of to« ordor of I*oo.ooo. 

two euch »ftmm  or« eapected to bo cootly. to addition, ffb 

precipitates or t•« «blob introdoo« itr—•«• 

uhlcb ooy «dvorooly «ffoet looor 

r«li«bility. 

An alternate candidate for e single layer blocking «aterial ia 

In wAl ^As. It« bsndgep «nergf of i.««o ev is no ««v greater 

than that of re doped lnf> layers, and its lattice constant of 

5.«67 A is »etched to In» substrates. A related asterial, 

GaAlAs, which is widely wood in semiconductor lasers emitting 
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m en« 0.0-0.•» »in onoolmotn ronoo, con bo 

inooUUno «non «TO» wit* MOCVD by introboeino ppo lovoU of 

o* Into too »ourco «no otroon. by coot root. Conn eon bo grow 

«un iitiur looolo of o» »itnoot oionificoot ononoo in 

tnio ooooooto tnnt 

of OsCo, *AI,A« lb rolotob bo on 

m onb Muntnon in tbb oryotoi totlioo. Thio 

oon bo eot«*«*»* to IOMAI«»A«# onb »v»».,e = «= tnot 

I «As noy bo 
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entrains the reactant gases into a rotating flow pattern, 

enhancing the homogeneity of the gas composition and uniformity 

of the resulting epitaxial layers. The wafer carrier is 

resistively heated by a graphite filament and the temperature 

stabilized by a thermocouple probe. 

Growths were carried out on semi-insulating Iron doped InP 

substrate* (supplied by Nippon Mining, Inc.) oriented in the 

(100) * T plane. Prior to growth, the substrates were degreased 

in wem acetone end methanol, etched in Bromine-methanol, 

followed by s free surface etch in a mixture of sulfuric seid, 

hydrogen peroxide end water (3:1:1), end s final rinse in 

deionised water. 

The resistivities snd cerrier concentrations in epitaxial layers 

were measured by the Hall-Van der Pauw technique on cleaved 

squares l en in diameter. Contact was made to the four corners 

of the sample eith Indium dots, which were alloyed to the surface 

ir an inert atmosphere. Some samples were additionally 

Merited using s Bio-Rad PW 4200 Polaron electrochemical 

profiler, which provides a plot of carrier concentration versus 

Sear face morphology was evaluated by both optical and scanning 

electron  microscopy,  and  layer  thickness  and  thickness 



I 
uniformity were measured by chemical staining of the layer 

followed by microscopy. Lattice constant of the epitaxial layer 

was measured using a double crystal x-ray diffractometer. 

The atomic size of Gallium is almost identical to Aluminum, and 

the ratio of Gallium to Aluminum in GaAlAs can be varied over 

a wide range with little change in MOCVD growth properties. 

Therefore, growth conditions were chosen to be similar to those 

used successfully by others (e.g. Razeghi [12]) to grow InGaAs 

lattice matched to InP. 

Prior to attempting growth of inAlAs, separate calibration 

growths of InP (on InP substrates) and of GaAlAs (on GaAs 

substrates) were performed, in order to determine the relative 

growth rates of InP and GaAs. The ratio of Aluminum to Gallium 

in the GaAlAs growths was evaluated by photoluminescence 

spectroscopy, and the data was analyzed by assuming that the 

growth rate of the InAs component of InAlAs was the same as 

that for InP when identical amounts of Indium precursor material 

are supplied. 

Good growth rates (1000 A/minute), reproducibility, and material 

quality (as indicated by strong photoluminescence emission) was 

obtained from the GaAlAs calibrations, but great difficulty was 

encountered in achieving reasonably InP high growth rates. The 

vapor pressure of the TriMethyl Indium was raised as high as 
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possible by increasing the bubbler temperature to 60°C, but 

growth rates remained ^80 Ä/minute. At temperatures of 40°C 

and above, Trimethyl Indium, which is supplied in the form of 

small granules, begins to crystallize into a single 

polycrystalline mass, which does not permit gas to flow properly 

through the bubbler. The formation of this mass is accelerated 

as the bubbler temperature is increased, and sufficient flow 

could be maintained only by mechanically agitating the bubbler 

after each growth. The growth rate varied irreproducibly from 

run to run, depending on the degree of agitation, and it was 

decided to abandon TriMethyl Indium altogether. 

A lesser known Indium source is Ethyl DiMethyl Indium 

((CH3)z(C2H5)ln). Extensive data on the physical properties of 

this compound are not available, but it is known to be liquid 

at room temperature and to have vapor pressure roughly half 

that of TriMethyl Indium at room temperature. Because it is 

a liquid, problems associated with crystallization are absent. 

In addition, the liquid nature of the alkyl ensures that hydrogen 

passing through the bubbler is highly saturated with vapor. 

Substitution of Ethyl DiMethyl Indium resulted in an immediate 

jump in growth rate. A growth rate of 100 A/minute was obtained 

with the bubbler held at 27°C. As a check on the electrical 

quality of the InP grown with this source, an n-type InP layer 

- 14 - 



was grown using Hydrogen Selenide as the dopant. An electron 

concentration of 1,5x 10" cm"3 and an electron mobility of 

900 cm2 A -s was obtained. 

Initial growths of InAlAs were performed using the InP and 

GaAlAs data as growth rate calibrations. The initial growth 

resulted in material with lattice mismatch of 1.8.x 10 ', and 

subsequent refinement of growth parameters reduced the mismatch 

to 6xl0'3. Growth conditions are summarized in Table I. A 

typical x-ray rocking curve is shown in Figure 3. 

In order to demonstrate that the InAlAs could be doped, a growth 

with Zn introduced as a p-dopant was performed. The resulting 

material was heavily p-doped, as shown in the electrochemical 

profile of Figure 4. The hole mobility as determined by Hall 

measurement, was 70 cm2/V-s and the resistivity was 0.14fl-cm. 

InAlAs growths were performed at several concentrations of 

Oxygen in the growth chamber. A growth performed with 0.2 ppm 

of Oxygen in the source stream resulted in a smooth layer with 

a resistivity of 20fi-cm. Increasing the Oxygen content to 0.4 

ppm did not cause degradation of the surface smoothness, but 

unfortunately the sample came out non-uniform, as determined 

by the Van der Pauw system, and an accurate determination of 

- 15 - 
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material resistivity could not be obtained. Examination of the 

sample with an I-V curve tracer gave mn eatieate of several 

hundred f)-cm for the resistivity. 

I 
I 
I 
I 

At 0.7 ppm Oxygen, the surfsce becese tilky in appearance, as 

shown in Figure 5 where the surfsce« st 0.4 pps end 0.7 ops are 

compared. A scanning electron micrograph of the surfsce shown 

in Figure 6 reveals signif leant roughening of the surface. The 

resistivity of the eater la 1 was measured st 12000-cm. 

These growth results ST« summerized in Table XX. 
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I 
I 

Figure S. Appearance of InAIAs grown witn 0.4 ppa Oxygen (left) 

coopered to 0.7 Dp« Oxygen (right). Note soeculer 

appearance of 0.4 ppa seaple and nitty apoear«nce of 

0.7 DM seaple. 
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&££JBMDIX 

Safety Hazard« 

* 
The primary safety hazards associated with this program concerns 

the urn« of highly toxic gases in the MOCVD crystal growth proces, 

in particular Araine (AsH3) and Phosphine (PH3). The more toxic of 

tlM two, Araine, has a government required limit of 50 ppb in 

breathing air, baaed on an 8 hour/day. The growth system exhaust 

ia filtered through an activated carbon scrubber. The resulting 

exhaust was continuously monitored by a toxic gas sensor to ensure 

the proper functioning of the scrubber. The laboratory atmosphere 

MM also continuously monitored for the presence of toxic gases. 

The source bottles of Arsine and Phosphine were eguipped with 

pneumatic shut-offs to be automatically triggered in the event of 

detection of toxics. 

Hydrogen was used in the growth process and posed a possible 

f laaaability hazard. The laboratory was eguipped with sensors wired 

to shut off all gas flow in the event of detection. 
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